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© Magnetic resonance device and signal combination device. 
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© A known magnetic resonance device (1) op- 
erates with a coil array (c1 to cn) which serves as a 
detection coil whereby magnetic resonance signals 
are detected so as to form partial images of a sub- 
volume of an object (5) to be measured. A signal 
processing unit (9) forms an overall image from the 
partial images. Because the known device utilizes 
separate detection and signal acquisition channels, it 
is comparatively expensive and complex. In accor- 
dance with the invention, a simpler and less expen- 
sive magnetic resonance device (1) is obtained in 
that the device comprises a signal combination de- 
vice (28) which shifts frequency ranges (s1 to sn) of 
individual coil elements in the coil array in respect of 
frequency and which forms, from the shifted fre- 
quency ranges (o1 to on) a sum signal (sm) in which 
the frequency ranges are separated from one an- 
other. As a result, many common circuits can be 
saved, without leading to a loss of flexibility of the 
device (1 ), so that the advantages of fully separated 
channels are retained. 




FIG.4 
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The invention relates to a magnetic resonance 
device, comprising a main field magnet for gen- 
erating a steady magnetic field in a measuring 
space for accommodating an object, a coil system 
for generating a gradient magnetic field, and an RF 
coil system which consists of several coil elements 
for detection of magnetic resonance signals to be 
generated in the object. 

A magnetic resonance device of this kind is 
known from the international Patent Application WO 
89/05115. The magnetic resonance device dis- 
closed in the cited Patent Application is used to 
form partial images from magnetic resonance sig- 
nals originating from separate coil elements. The 
partial images are combined so as to form an 
ultimate image of a sub-volume of the object mea- 
sured by means of the RF coil system. The signals 
from the individual coil elements are detected in 
separate detection channels, are sampled and sub- 
sequently applied to processing means, completely 
independently from one another, in order to form 
the partial images and the ultimate image. The 
combination of the partial images so as to form an 
ultimate image should be executed pixel-wise in 
order to prevent the addition of noise. Because 
signal processing of the signals in the detection 
channels is performed in a completely independent 
manner, no restrictions exist as regards the orienta- 
tion of the RF coil system relative to a measuring 
gradient field direction, i.e. given a predetermined 
measuring gradient field direction associated with a 
measuring sequence for executing a given mag- 
netic resonance measurement, a free choice exists 
as regards the orientation of the RF coil system. 
The described magnetic resonance device, how- 
ever, is comparatively expensive and complex be- 
cause a separate detection channel is required for 
each individual coil element. Furthermore, gener- 
ally speaking, several cable passages from a signal 
detection system arranged within a shielded mea- 
suring space of the magnetic resonance device to 
processing means situated outside the shielded 
space will be required. 

It is the object of the invention to provide a 
magnetic resonance device which is cheaper and 
simpler. 

A magnetic resonance device in accordance 
with the invention is characterized in that the mag- 
netic resonance device comprises a signal com- 
bination device which is operative to shift frequen- 
cy ranges of individual coil elements in respect of 
frequency and to combine the shifted frequency 
ranges so that on a sum output of the signal 
combination device there is formed a sum signal in 
which the frequency ranges are at least substan- 
tially separated from one another. Because signal 
combination already takes place in the RF section 
of the magnetic resonance device, the construction 



of each detection channel may be simpler. The 
signal shifting and combination are executed so 
that the advantages of a device comprising sepa- 
rate channels up to data processing are main- 

5 tained, i.e. the orientation of the coil system relative 
to a measuring gradient can still be chosen com- 
pletely as desired. 

It is to be noted that even though EP-A- 0 460 
761 , being prior art in conformity with Article 54(3) 

w EPC, mentions signal combination, the frequency 
ranges of the various coil elements therein need be 
separated from one another as from the very start, 
which implies that when a linear array is used as 
the RF coil system, a longitudinal axis of the array 

75 is substantially coincident with a measuring gra- 
dient field direction of a measuring gradient in a 
measuring sequence. 

An embodiment of a magnetic resonance de- 
vice in accordance with the invention is character- 

20 ized in that the signal combination device for the 
individual coil elements comprises first frequency 
shifting devices which are coupled to the coil ele- 
ments and outputs of which are coupled to fixed or 
adjustable bandpass filters which are coupled to a 

25 signal summing device for supplying the sum sig- 
nal. Thus, a signal combination device is obtained 
which requires a minimum amount of hardware, 
even though it is no longer possible to use subse- 
quently connected commercially available standard 

30 hardware because the transmission frequency in 
the magnetic resonance device deviates from the 
receiving frequency. 

This drawback is mitigated in a magnetic reso- 
nance device in accordance with the invention 

35 which is characterized in that the signal combina- 
tion device for the individual coil elements com- 
prises second frequency shifting devices which are 
connected so as to precede the signal summing 
device, or comprises one second frequency shift- 

40 ing device which is connected subsequent to the 
signal summing device. As a result, the hardware 
connected subsequent to the signal combination 
device may be standard hardware. 

A preferred embodiment of a magnetic reso- 

45 nance device is characterized in that in the pres- 
ence of second frequency shifting devices con- 
nected so as to precede the signal summing de- 
vice, the bandpass filters are adjusted to substan- 
tially the same central frequency. It is thus 

so achieved that the design of the device is simpler; 
this is the case notably when use is made of fixed 
bandpass filters, that are commercially available. 

A further embodiment of a magnetic resonance 
device in accordance with the invention is char- 

55 acterized in that the coil elements are arranged in a 
linear array. The magnetic resonance device in 
accordance with the invention can then be advanta- 
geously used for many customary magnetic reso- 



3 



EP 0 554 584 A1 



4 



nance examinations, such as the examination of a 
spine. Using a surface coil configuration as an 
array, high-quality low-noise images can be ob- 
tained across a comparatively wide field of view. 
Furthermore, the invention allows for a substantially 
unlimited number of two-dimensional as well as 
three-dimensional coil configurations. 

The invention will be described in detail 
hereinafter with reference to a drawing; therein: 
Fig. 1 shows diagrammatically a magnetic reso- 
nance device in accordance with the invention, 
Fig. 2 shows an RF coil system in the form of a 
linear array, 

Fig. 3 shows an object positioned relative to a 
linear array, 

Fig. 4 shows an embodiment of a signal com- 
bination device in accordance with the invention, 
Fig. 5 illustrates frequency shifting and combina- 
tion in accordance with the invention, 
Fig. 6 shows a preferred embodiment of a signal 
combination device in accordance with the in- 
vention, and 

Fig. 7 shows a further embodiment of a signal 
combination device in accordance with the in- 
vention. 

Fig. 1 shows diagrammatically a magnetic res- 
onance device 1 in accordance with the invention, 
comprising transmitter means 2 and receiver 
means 3 for transmitting RF electromagnetic 
pulses, via a transmitter coil 4, to an object 5 and 
for receiving magnetic resonance signals from the 
object 5 by means of an RF coil system 16, 
respectively, which magnetic resonance signals are 
generated, by the RF electromagnetic pulses, in 
the object 5 which is situated in a steady, uniform 
magnetic field. The device 1 comprises means 6 
for generating the steady field. The means 6 com- 
prise a main field magnet 7 and, in the case of a 
resistive magnet or a superconducting magnet, a 
DC power supply 8. In the presence of a perma- 
nent magnet, the DC power supply 8 is omitted. 
During operation of the device 1 with the object 5 
arranged within the magnet coils 7 in a measuring 
space 7A, a slight excess of nuclear spins (of 
nuclei having a magnetic moment) will be oriented 
in the same direction as the steady field in the 
state of equilibrium. From a macroscopic point of 
view this is to be considered as a magnetization 
M 0t being an equilibrium magnetization. The device 
1 furthermore comprises processing means 9 
which are coupled to the transmitter means 2 and 
the receiver means 3, a process computer 10 
which is coupled to the processing means 9 and 
the transmitter means, and display means 11 for 
displaying a nuclear magnetization distribution 
which is determined, using programmed means 12, 
from resonance signals received by the receiver 
means 3, after demodulation and signal sampling 



thereof (detection of resonance signals). More spe- 
cifically, the transmitter means 2 comprise an RF 
oscillator 13 for generating a carrier signal, a 
modulator 14 for amplitude and/or phase and fre- 

5 quency modulation of the carrier signal, and a 
power amplifier 15 which is coupled to the trans- 
mitter coil 4. The RF oscillator 13 is coupled to the 
processing means 9 and the modulator 14 is coup- 
led to the process computer 10. When excitation 

w pulses having a frequency contents around the so- 
called Larmor frequency of, for example protons, 
are applied to the object 5 under the control of the 
programmed means 12 and via the transmitter 
means 2, there will be produced magnetic reso- 

15 nance signals wherefrom a proton nuclear spin 
distribution or a magnetic resonance image can be 
determined by the programmed means 12 utilizing, 
for example Fourier transformation. The receiver 
means 3 for receiving the resonance signals com- 

20 prise a demodulation unit 17. The unit 17 may 
comprise a double phase-sensitive detector, the 
output signals of which are sampled by means of a 
first and a second analog-to-digital converter 18,19. 
The A/D converters 18 and 19 are coupled to the 

25 processing means 9. The transmitter and receiver 
means 2,3 may alternatively be formed by a so- 
called phase coherent digital transmitter/receiver. 
The device 1 furthermore comprises means 20 for 
generating magnetic field gradients superposed on 

30 the steady, uniform field. The means 20 comprise 
gradient magnet coils 21,22 and 23 for generating 
magnetic field gradients G x , G y and G Zl respec- 
tively, and a power supply source which can be 
controlled by the process computer 10 and which 

35 comprises gradient amplifiers 24 for powering the 
separately activatable gradient magnet coils 21,22 
and 23. The process computer 10 comprises 
digital-to-analog converters (DACs) 25,26 and 27 in 
order to supply the gradient power supply system 

40 24, while supplying digital codes and under the 
control of the process computer 10, with analog 
gradient waveforms whereby the respective gra- 
dients G x , G y and G 2 are generated. In the embodi- 
ment shown, the arrangement of the gradient mag- 

45 net coils in space is such that the field direction of 
the magnetic field gradients coincides with the di- 
rection of the steady, uniform magnetic field and 
that the gradient directions extend perpendicularly 
to one another as denoted by three mutually per- 

50 pendicular axes x, y and z in Fig. 1. The magnetic 
resonance signals wherefrom a nuclear spin dis- 
tribution can be reconstructed by means of Fourier 
transformation are obtained by means of so-called 
measuring sequences. In accordance with the in- 

55 vention, the RF coil system 16 is connected to the 
otherwise common demodulation unit 17 via a sig- 
nal combination device 28, which demodulation unit 
may be a commercially available unit. The signal 
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combination device 28 can be activated by the 
processing means 9, via the programmed means 
12. 

Fig. 2 shows an RF coil system 16 in the form 
of a linear array, comprising separate coil elements 
c1 to cn which are coupled to n channels ch1 to 
chn of the signal combination device 28. The coil 
elements c1 to cn are arranged along a longitudinal 
axis I. The coil elements may partly overlap one 
another and no strict requirements are imposed as 
regards mutual decoupling. Besides the coil con- 
figuration shown, a substantially unlimited number 
of coil configurations, two-dimensional as well as 
three-dimensional, are feasible for a magnetic reso- 
nance device 1 in accordance with the invention. 

Fig. 3 shows an object 5 positioned relative to 
a linear array 16 of surface coils c1 to cn. Also 
shown is a system of coordinates xyz. In accor- 
dance with the invention, the linear array 16 de- 
tects magnetic resonance signals which have been 
generated by means of measuring sequences, 
such as a known spin-warp measuring sequence, 
and which originate from sub-volumes of, for exam- 
ple a slice s1 of the object 5, the processing 
means 9 reconstructing partial images therefrom 
which are combined so as to form an ultimate 
image. In the present example, when a measuring 
gradient is chosen in the y direction, the measuring 
gradient will not coincide with the longitudinal di- 
rection 1 of the linear array 16, so that frequency 
ranges of the resonance signals measured by 
means of the individual coil elements c1 to cn will 
be coincident at least to a high degree. Using the 
signal combination device 28 in accordance with 
the invention, these frequency ranges are shifted 
so that a sum signal is formed in which the fre- 
quency ranges are separated from one another. 
The sum signal is applied to the unit 17 for further 
processing. In the present example, a slice s1 
extending parallel to the yz plane is shown. In 
accordance with the invention, however, no restric- 
tions are imposed as regards directions of mea- 
surement relative to the RF coil system 16 and 
measurement can be performed in arbitrary direc- 
tions by means of known measuring sequences. 

Fig. 4 shows an embodiment of a signal com- 
bination device 28 in accordance with the invention. 
The signal combination device 28 comprises n 
input channels ch1 to chn which are coupled to the 
individual coil elements c1 to cn, respectively. The 
channels ch1 to chn comprise signal preamplifiers 
pal to pan which are coupled to first frequency 
shifting devices sh1 to shn, output signals of which 
are coupled, via bandpass filters fa1 to fan which 
may be fixed or adjustable, to a signal summing 
device 30 which supplies a sum signal to be further 
processed by the unit 17. The first frequency shift- 
ing devices sh1 to shn comprise mixing circuits 



mil to min which include a signal input s1 to sn for 
receiving signals preamplified by the signal pream- 
plifiers pal to pan. The preamptified signals are 
mixed in the mixing circuits mil to min with re- 

5 spective signals from frequency-controllable oscil- 
lators Ia1 to Ian which are applied, via oscillator 
inputs i1 to in, to the mixing circuits mil to min. 
The mixing circuits mil to min also comprise mix- 
ing signal outputs o1 to on for supplying mixing 

w signals to be applied to the adjustable bandpass 
filters fa1 to fan. The bandpass filters fa1 to fan are 
coupled to the signal summing device 30. Control 
signals for the oscillators and the bandpass filters 
are supplied by the processing means 9 and/or the 

75 process computer 10 and are denoted by the refer- 
ence cs in Fig. 1. 

Fig. 5 shows frequency shifting and combina- 
tion in accordance with the invention as a function 
of the frequency f in MHz, on the basis of which 

20 the operation of the signal combination device 28 
shown in Fig. 4 will be described. The description 
is based on the example described with reference 
to Fig. 3, i.e. the measuring direction is chosen so 
that the individual coil elements "perceive" sub- 

25 stantially the same frequency range of the detected 
magnetic resonance signals, for example a fre- 
quency range of 40 kHz around an RF signal of 21 
MHz; a transmission frequency of the magnetic 
resonance device 1, i.e. the field strength of the 

30 main field is then approximately 0.5 T, measure- 
ment being performed on protons. For a given field 
strength B 0 the transmission frequency is deter- 
mined by the known Larmor relation, reception 
frequencies of the magnetic resonance signals be- 

35 ing co-dependent in known manner on the applied 
gradient magnetic fields. The signals at the signal 
inputs s1 to sn of the first frequency shifting de- 
vices sh1 to shn are mixed in the mixing circuits 
mil to min so that frequency-shifted, non-overlap- 

40 ping signals appear at the respective outputs o1 to 
on of the mixing circuits mil to min. The 
frequency-shifted signals are applied to the band- 
pass filters fa1 to fan which have a bandwidth of, 
for example 60 kHz. In the example shown, it has 

45 been assumed for the sake of simplicity that n = 
2. After filtering and summing, a sum signal sm is 
obtained in which the frequency ranges of the 
individual coil elements are separated from one 
another. The bandpass filters fa1 to fan are ad- 

50 justed so that they are centred around frequency 
bands of the signals to be filtered. Use can alter- 
natively be made of fixed, preadjusted bandpass 
filters. In the present example, central frequencies 
of 30 and 30.070 MHz have been adjusted. The 

55 mixing frequencies may then be 9 and 9.07 MHz 
and 51 and 51.070 MHz, respectively, depending 
on whether a mixing product is used in the form of 
a sum signal or a difference signal. Use can also 
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be made of single sideband techniques. If it is 
known a priori that the bandwidth of the signals to 
be received is comparatively narrow, for example 
10 kHz, partial overlapping of filter bands is per- 
missible, resulting in a smaller overall bandwidth of 
the sum signal. Without overlapping, the overall 
bandwidth at least equals n times the bandwidth of 
one channel. When mutual coupling of the individ- 
ual coil elements is involved, appropriate correction 
can be performed in the processing means 9. The 
bandpass filters suppress noise signals outside the 
relevant frequency ranges, so that these noise sig- 
nals will be present in irrelevant frequency ranges 
of other channels, resulting in an as high as possi- 
ble overall signal-to-noise ratio. In the event that 
the object 5 produces a signal having a bandwidth 
which is greater than that of the relevant signal (the 
field of view of the area of interest is smaller than 
the dimension of the object 5 in the direction of the 
measuring gradient), undesirable parts of the mag- 
netic resonance signal will also be suppressed. In 
the absence of suppression of undesirable mag- 
netic resonance signals, image artefacts will occur 
in neighbouring channels. Generally speaking, the 
adjustment of the oscillators is determined on the 
basis of the a priori known orientation of the RF 
coil system 16 and the a priori known measuring 
sequence to be used, which means that it is known 
in advance which gradients will be successively 
switched. The direction and the intensity of the 
measuring gradient codetermines whether, and to 
what extent, frequency ranges of the individual coil 
elements will overlap. 

Fig. 6 shows a preferred embodiment of a 
signal combination device 28 in accordance with 
the invention which is identical to the device 28 
shown in Fig. 4, except that in all channels ch1 to 
chn second frequency shifting devices ssh1 to 
sshn are connected between the bandpass filters 
fa1 to fan and the signal summing device 30. The 
second frequency shifting devices ssh1 to sshn, 
only the frequency shifting device ssh1 being 
shown, comprise mixing circuits smil to smin 
which mix oscillator signals from frequency-control- 
lable oscillators Ib1 to Ibn (only Ibn is shown) with 
output signals of the bandpass filters fal to fan. In 
this version, for input frequency ranges around 21 
MHz, the oscillators Ia1 to Ian can be adjusted to 
frequencies which shift the frequency ranges to 
frequencies around 25 MHz, i.e. to frequencies 
around 46 MHz when a difference signal is formed 
as the mixing product. The oscillators Ib1 to Ibn 
can also be adjusted to about 46 MHz when dif- 
ference signals are formed. In this version the 
bandpass filters may be identical, enabling a sim- 
pler design. The output signal of the signal com- 
bination device 28 can be applied to standard 
hardware. 



Fig. 7 shows another embodiment of a signal 
combination device 28 in accordance with the in- 
vention whose construction is identical to that of 
the device shown in Fig. 4, except that a second 

5 frequency shifting device ssh is connected subse- 
quent to the signal summing device 30. The sec- 
ond frequency shifting device ssh has the same 
construction as the first frequency shifting devices 
ssh 1 to sshn and comprises a mixing circuit smi 

10 and a controllable oscillator lb. The mixing circuit 
smi is coupled, at its output side, to a filter fb 
which ensures that undesirable mixing products are 
filtered out. For input frequency ranges around 21 
MHz, the oscillators Ia1 to Ian in this version are 

75 adjusted to approximately 9 or 51 MHz, depending 
on the mixing product to be formed, and the os- 
cillator lb is adjusted to a frequency which cor- 
responds substantially to the mean frequency of 
the oscillators Ia1 to Ian. Therefore, the first fre- 

20 quency shifting devices sh1 to shn provide fre- 
quency separation and the second frequency shift- 
ing device ensures that the sum signal is shifted to 
a frequency band of commercially available stan- 
dard hardware so as to be further processed. 

25 Within the scope of the present invention it is 

also possible to provide a magnetic resonance 
device comprising several signal combination de- 
vices 28 and demodulation units 17. 

30 Claims 

1. A magnetic resonance device (1), comprising a 
main field magnet (7) for generating a steady 
magnetic field in a measuring space (7A) for 

35 accommodating an object (5), a coil system 

(21 , 22, 23) for generating a gradient magnetic 
field, and an RF coil system (16) which con- 
sists of several coil elements (c1 to cn) for 
detection of magnetic resonance signals to be 

40 generated in the object (5), characterized in 

that the magnetic resonance device (1) com- 
prises a signal combination device (28) which 
is operative to shift frequency ranges (s1 to sn) 
of individual coil elements (c1 to cn) in respect 

45 of frequency and to combine the shifted fre- 

quency ranges (o1 to on) so that on a sum 
output (sm) of the signal combination device 
(28) there is formed a sum signal (sm) in which 
the frequency ranges are at least substantially 

so separated from one another. 

2. A magnetic resonance device (1) as claimed in 
Claim 1, characterized in that the signal com- 
bination device (28) for the individual coil ele- 

55 ments (c1 to cn), comprises first frequency 

shifting devices (sh1 to shn) which are coupled 
to the coil elements and outputs of which are 
coupled to fixed or adjustable bandpass filters 
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(fa1 to fan) which are coupled to a signal 
summing device (30) for supplying the sum 
signal (sm). 

3. A magnetic resonance device (1) as claimed in 5 
Claim 2, characterized in that the signal com- 
bination device (28) for the individual coil ele- 
ments (d to cn) comprises second frequency 
shifting devices (ssh1 to sshn) which are con- 
nected so as to precede the signal summing 10 
device (30), or comprises one second frequen- 
cy shifting device (ssh) which is connected 
subsequent to the signal summing device. 

4. A magnetic resonance device (1) as claimed in 15 
Claim 2 or 3, characterized in that the fre- 
quency shifting devices (sh1 to shn) comprise 
mixing circuits (mil to min) which comprise a 
signal input (s1 to sn) for receiving a signal to 

be mixed, an oscillator input (i1 to in) which is 20 
coupled to a frequency-controllable oscillator 
(Ia1 to Ian), and a mixing signal output (o1 to 
on) for supplying a mixing signal. 

5. A magnetic resonance device (1) as claimed in 25 
Claim 2 or 3, characterized in that in the pres- 
ence of second frequency shifting devices 
(ssh1 to sshn) connected so as to precede the 
signal summing device, the band filters (fa1 to 

fan) are adjusted to substantially the same 30 
central frequency. 

6. A magnetic resonance device (1) as claimed in 
any one of the preceding Claims, characterized 

in that the coil elements (c1 to cn) are ar- 35 
ranged in a linear array. 

7. A magnetic resonance device (1) as claimed in 
any one of the preceding Claims, characterized 

in that a signal preamplifier (pal to pan) is 40 
connected between the individual coil elements 
(c1 to cn) and the first frequency shifting de- 
vices (sh1 to shn). 

8. A magnetic resonance device as claimed in 45 
any one of the preceding Claims, characterized 

in that it comprises more than one signal com- 
bination device (28) and more than one re- 
ceiver. 

50 

9. A signal combination device (28) which is suit- 
able for use in a magnetic resonance device 
(1) as claimed in any one of the preceding 
Claims. 
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